ABSTRACT Objective: Fighter pilots frequently report neck pain and injury, and although risk factors have been suggested, the relationships between risk factors and neck pain have not been quantified. The aim of this study was to identify personal and work behaviors that are significantly associated with neck pain in fighter pilots. Methods: Eightytwo Royal Australian Air Force fighter pilots were surveyed about their flying experience, neck pain prevalence, and prevention. Multinomial logistic regressions were used to fit models between pilots' neck pain during and after flight and a range of personal and work characteristics. Results: In-flight neck pain was very weakly, yet positively associated with flight hours. Duration of postflight pain was positively associated with the weekly desktop work hours and the sum of preventative actions taken in flight. The duration pilots were considered temporarily medically unfit for flying was positively associated with pilots' age and their weekly desktop work hours. Discussion: The risk factors identified by the current study should guide neck pain prevention for fighter pilots. In particular, reducing desktop working hours as well as incorporating specific neck-strengthening exercises and in-flight bracing actions should be considered by agencies to help alleviating neck pain in their pilots.
INTRODUCTION
High-performance combat (i.e., "fighter") pilots are critical in maintaining the integrity and safety of a nation's airspace.
Fighter pilots perform many maneuvers, such as, rolls, turns, and climbs, while flying. 1 These maneuvers are fundamental for both defense and offense against enemy aircraft.
2 While executing these maneuvers, the aircraft and the fighter pilot's body are exposed to forces equivalent to up to eight times that of gravity (i.e., +8 Gz). 2 Fighter pilots also have a number of duties while on the ground, including mission planning, briefings and debriefings as well as preparing materials and other miscellaneous administration tasks. 3 There are numerous reports of fighter pilots suffering from cervical spine injuries, with the most common being strains or stiffness of the neck muscles. 2, 4 In Australia and the United States, 85% of F/A 18 fighter pilots reported having experienced neck pain during their flying careers. 1, 5 Their neck injuries can be categorized into two main subgroups 6 : acute neck injuries, which occur during or shortly after flight, and chronic neck injuries, which develop over time. In addition to the obvious health consequences, neck injuries can interfere with pilots' flying performance, concentration levels, situational awareness, and potentially the safety of themselves and their squadron.
To limit pilot's risk of injury and the consequences of existing injury, they maybe deemed temporarily medically unfit for flying (TMUFF) if they report neck pain. 7 In a recent survey, 34/82 Royal Australian Air Force (RAAF) pilots had been classified TMUFF because of neck pain with the average length of time being less than a week. 7 Given the importance of maintaining pilot numbers and performance for airspace capability, determining which factors are implicated in the pilot's neck pain can guide prevention and management strategies to limit TMUFF periods. Existing research suggests that flying hours, desktop work hours, and exercise are all implicated in neck pain (or injury). 2, 3, 8 No studies have quantified the relationship between these factors and neck pain/TMUFF in fighter pilots. Therefore, the aim of this study was to identify significant associations between personal characteristics such as flight hours, behavior such as the amount of exercise and neck pain during and after flight. These associates were investigated for the duration of worst and average pain levels as well as the duration that fighter pilots were considered TMUFF. These associations can then be thought of as "predictors" or "risk factors" for neck pain in high-performance combat pilots.
METHODS

Participants
The aim and purpose of this study with a brief description of the methodology were explained to all aircrew. All information was treated with strictest Study-In-Confidence and was not used to initiate medical treatment or Medical Employment Classification Review proceedings.
Eligible aircrew were current permanent or reserve RAAF aircrew (pilot, navigator and flight test engineers) either presently or previously qualified on a high-performance airframe, including students presently undergoing a conversion course onto a high-performance aircraft. For the purpose of this study, they were grouped together as one cohort. Personnel from foreign military organizations were excluded from this study as long-term follow-up (as part of a larger RAAF study) was expected to be problematic. All procedures were approved by the Australian Defence Human Research Ethics Committee and the Deakin University Human Research Ethics Committee.
Survey Instrument
The survey comprised 18 questions and was divided into six sections. These six sections broadly surveyed personal details and flying experience (section one), helmets and night vision goggles/helmet-mounted display systems usage (section two), preventative activities while flying to minimize the risk of neck pain and injury (section three), neck strain, pain or injury sustained (section four), neck pain management (section five), and neck pain prevention while flying (section six). Only sections one, three, four, and six were used in the study. Section one of the survey queried general information of the participants including self-reported anthropometry, flying history in hours, and the type of aircraft in which this experience was gained. Section three of the survey assessed the number of preventative actions used by the participants to minimize neck pain and injury during and after flight (Table I) . Section four queried the existence of flight-related neck pain, the severity of such pain on a visual analogue scale of 0 (no pain) to 10 (worst possible pain), and the duration of the pain experienced postflight. Both the levels of pain severity and duration were surveyed for the worst and average episodes of flight-related neck pain experienced by the participant. The length of time the participants were TMUFF was also measured in this section. Section six investigated the amount of times the participants performed aerobic, resistance, and neckspecific exercises as well as any other neck pain prevention strategies conducted.
Data Analyses
The data were separated into dependent and independent variables. The dependent variables measured were "number of neck pain episodes during flight," "number of neck pain episodes after flight," "duration of worst episode," "duration of average episode," and "longest duration of TMUFF." The categories for each variable are summarized in Table II. The independent variables included were flight hours, age and height, the amount of exercise, the amount of preventative actions, and the amount of desktop hours. Independent variables also included the frequency with which participants performed aerobic, anaerobic, and neck exercises in a calendar year, which were categorized into groups (Table III) . The number of preventative actions used by the pilots reflected a sum of all the actions out of 12, taken from the survey. For example, a value of "7"; means that a respondent used 7 of the 12 available actions. For a full list of the preventative actions, please refer to Table I .
Statistics
Multinominal logistic regressions were used in the current study since each dependent variable was categorical and had more than 2 outcomes. 9 Backward stepwise regressions were performed since the study was exploratory in nature and to limit the chances of a type II error. 9 Parameter estimates were used to establish the relationship between the independent and dependent variables, whereas odds ratios quantified the likelihood that a one unit increase in the independent variable would significantly change the dependent variable (compared to baseline). 9 Significance level for all analyses was set at p <0.05, with all data analysis being conducted with Statistical Package for Social Sciences V.17.0 (IBM SPSS, Champaign, Illinois). All descriptive data are expressed as means ± SDs unless otherwise stated.
RESULTS
Eighty-two male pilots (31 ± 7 years, 180.6 ± 6.5 cm, 81.1 ± 8.6 kg, 2,013 ± 1,570 flying hours) responded to the survey. This is a response rate of approximately 96%. Descriptive data from the survey regarding the frequency, duration, and management of neck pain in fighter pilots were presented in a previous article. The relationship between the number of flight hours and the likelihood of increasing the number of in-flight pain episodes from none to 1-3, 4-10, and >10, respectively, is presented in Table IV . As shown, an increase of flight hours was associated with a significant increase in the likelihood of pilots experiencing 4-10 pain episodes and >10 pain episodes in flight (compared to no pain). The odds ratio for this relationship was 1.001, which indicates that for a 1-hour increase in flight time, the odds of the pilots suffering >4 episodes in flight, compared to no pain, would increase by 0.001 (p = 0.010). The relationship between the number of neck pain episodes after flight and the likelihood of increasing the number of postflight neck pain episodes from none to 1-3, 4-10, >10, respectively, is presented in Table IV . As shown, neck exercise training frequency could not predict categories of postflight neck pain. Table V . As shown, an increase in desktop hours was associated with a significant increase in the likelihood of the duration of worst pain episode lasting >12 hours. The odds ratios for the worst pain lasting <12 hours, 12 to 24 hours, 24 to 96 hours, and >96 hours are 251.3, 295.2, 331.7, and 335.4, respectively. These ratios indicate that for a 1-hour increase in desktop hours, the odds that the duration of worst pain will last at least <12 hours increases by approximately 250 times, with higher odds for pain lasting longer than 12 hours (Table V) . Table V . As shown, an increase in preventative actions was associated with a significant increase in the likelihood that average pain episode will last between 12 and 96 hours. The odds ratios for <12 hours, 12 to 24 hours, 24 to 96 hours, and >96 hours are 1.8, 2.0, 1.8, and 2.0, respectively. These ratios indicate that increasing the sum of preventative actions in flight, from 7 to 8 for example, doubles the odds that the average pain episodes will last from 12 to 24 hours or >96 hours, compared to no pain. The amount of flight hours flown by the pilots was unable to predict the pain duration categories (Table V) . Table VI . As shown, an increase in age and desktop hours was associated with a significant increase in the likelihood that the pilots were TMUFF for <1 week. The odds ratios of 1.15 for age indicates that for every 1 year added to the age of the pilots, the odds of the pilots being declared TMUFF for <1 week increased by 1.15. The odds ratio of 1.6 for desktop hours indicates that the pilots being declared TMUFF <1 week increased by 1.6 for every 1-hour increase in their desktop hours. Finally, the height of the pilots, the frequency of neck and anaerobic exercises, and preventative actions were unable to predict categories of TMUFF duration.
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DISCUSSION
The purpose of this study was to identify significant predictors of neck pain in RAAF fighter pilots. Participant's flight hours predicted their number of neck pain episodes during flight, whereas their flight hours, the frequency with which they performed neck exercise between flights, and the sum of preventative actions they performed in flight predicted neck pain after flight. The duration of participant's worst pain episode was predicted by their flight hours and their weekly desktop work hours, whereas the duration of their average pain episode was predicted by their flight hours and their use of preventative actions in flight. Further, the duration of participant's longest continuous TMUFF was predicted by participant's age, height, the frequency with which they performed neck and resistance exercises, the sum of the preventative actions they performed in flight, and the amount of desktop hours they worked in a week. An increase in the number of flight hours that the participants accrued was significantly associated with an increase of neck pain during flight and the duration of the worst pain episode postflight. However, in both cases, these were very weak associations. This is contrary to De Loose et al 3 who reported that the quantity of F-16 flight hours had no influence on the occurrence of neck pain. The current study measured flight hours in terms of total flying hours not just those performed in a specific aircraft, as specified by De Loose et al. 3 It is possible that if De Loose et al 3 included all their pilots' flying hours, their results may have been different. The findings of the current study, however, concur with the observations of Albano and Stanford 2 who found that flight hours, although not statistically significant, had a weak relationship with neck pain. The likely mechanism behind the relationship between flight hours and neck pain may be the repeated exposure to high gravitational forces in flight. 10 These forces can alter the head-neck segment biomechanics and may explain, at least in part, the neck pain (and possible injury) in fighter pilots. 11 The significant relationship identified in the current study, though very weak could inform future investigations into the relationships between exposure to specific Gz forces in flight and neck pain.
The current study found that an increase in neck pain after flight was significantly associated with a decreased frequency of performing neck exercise between flights. This result infers that a decrease in neck exercise training during the week may lead to increased pain after flight. This finding supports the premise of the utility of neck-specific conditioning exercises in this occupational group. Ang et al 12 reported that a significant decrease in the prevalence of neck pain in 68 Swedish helicopter pilots, following a neck exercise intervention. 4 As the current study used a retrospective design, it cannot be ruled out that those fighter pilots with existing neck pain postflight participate in less neck exercise to not exacerbate the pain in later flights. Interestingly, a very weak, yet significantly positive relationship was identified between the duration of TMUFF and the frequency of neck-strengthening exercises performed between flights (Table VI) . Though this result could infer that more neck-specific training increases the duration of TMUFF, it is equally plausible that pilots on TMUFF perform more neck strengthening during this period in an effort to rehabilitate. Again, the retrospective study design limits the identification of causal relationships. A randomized control trial investigating the effect of neck-specific training in the reduction of neck pain in this occupational cohort should be trialed to identify the value (or not) of neck exercise training and neck pain in fighter pilots.
Postflight neck pain was significantly associated with the frequency of neck-specific training and flight hours, yet neither variable could distinguish between the levels of pain postflight (compared to no pain) or TMUFF. One suggestion for this result could be due to the influence of large betweenparticipant variation. Regression and correlation analyses seek to identify linear relationships between 2 (or more) variables. The likelihood of identifying linear relationships improved when examining data sets with large betweenparticipant variation. 13 In contrast, more homogenous data, with smaller between-participant variation, such as parameter estimates comparing each outcome category to baseline, are more difficult to identify linear relationships. 13 The duration of pilot's average pain was positively associated with the number of preventative actions they performed during flight. On first inspection, it is surprising that an increase in the number of preventative actions would be significantly associated with an increase in the length of average postflight pain. These actions include restricting movement under Gz, moving only under low Gz, bracing the head against aircraft canopy, and bracing the head against the ejection seat head box. 7 It is possible that since these movements involve substantial activation of the neck musculature, they put further stress on these muscles, causing them to becoming even more fatigued. 4 Muscle fatigue has been suggested as a risk factor for neck injuries as it interferes with muscle coordination, 4 which could in turn, increase the risk of neck pain. An alternatively explanation for this finding may be that pilots who already experience neck pain, make more use of these techniques in the hope of protecting their already vulnerable neck. Because of the design of the current study, however, cause and effect cannot be resolved so it is unclear whether preventative actions cause or exacerbate existing pain or are merely associated with longer postflight pain through another yet to be identified mechanism. To find the answer to this question, a randomized control trial comparing pain levels for one group performing preventative actions in flight and the other not performing preventative actions in flight could be undertaken. The practicalities of such a trial for both experimental and control group members would, however, need careful consideration.
The current study found that the amount of desktop hours per week performed by the pilots was positively and significantly associated with an increase in the duration of their worst neck pain episodes postflight. This finding supports existing research showing work-related neck disorders are common in office workers, particularly those who have high computer usage time.
14 De Loose et al 15 studied military office workers and showed that sufferers of neck pain within this population conducted significantly more computer working time. 15 Although desktop activities and neck pain are a common association, the specific origin of neck pain, be it posture, stress levels, or physical health, 16 is not known, making targeted interventions difficult. However, a direct consequence from the result of the current study may be to decrease pilots' weekly desktop hours. This may be beneficial (irrespective of the mechanism) in alleviating neck pain.
The current study found that the pilot's length of continuous TMUFF status was positively associated with their age. The positive relationship between age and length of TMUFF (self or Aviation Medical Officer imposed) is likely to be mediated by pain or injury. 7 From a review of the neck pain literature, McLean et al 17 showed that there is strong evidence to suggest that in the general population, people in the age range of 45 to 55 years were twice as likely to develop neck pain compared to their younger counterparts. 17 There
